Abstract: Obstructive sleep apnea (OSA) is caused by repetitive partial or complete obstruction of the upper airway, characterized by episodes of breathing cessation during sleep, which last 10 or more seconds. The prevalence of OSA varies widely depending on the demographics of the population studied, the definition of the disorder and the methods of diagnosis. Patients with obstructive sleep apnea can be a potential management challenge for the anesthesiologists during the perioperative period. Therefore anesthesiologists need a thorough understanding of the diagnosis of OSA, prevalence of OSA and the available screening tools.
DIAGNOSIS OF OSAS
The diagnosis of OSA is established by an overnight sleep study or polysomnography. The apnea hyponea index (AHI) is the number of abnormal respiratory events per hour of sleep. There are different published clinical diagnostic criteria for OSA. In 1999, the task force of the American Academy of Sleep Medicine established the minimal clinical diagnostic criteria for OSA as an AHI of 10 plus symptoms of excessive daytime sleepiness [1] . The Canadian Thoracic Society guidelines stipulate the diagnostic criteria for OSA as having daytime sleepiness not explained by other factors or at least 2 other symptoms of OSA, with an AHI of 5 or more on polysomnography [2] .
AHI cutoffs have been used to describe the severity of OSA. Mild OSA is defined as AHI between 5 and 15, moderate OSA as AHI between 15 and 30 and severe OSA as AHI more than 30 [3] .
PREVALENCE OF OBSTRUCTIVE SLEEP APNEA SYNDROME
In the general population, moderately severe OSA (AHI > 15) is present in 11.4% of men and 4.7% of women respectively [4, 5] . In 1993, an epidemiologic study showed that 24% of male and 9% of female has AHI>5 respectively [6] . The prevalence of obstructive sleep apnea in four epidemiologic studies of the general population is shown in Table 1 [7, 8] .
No epidemiologic studies have been conducted to determine the prevalence of OSA in the general population. However, a few studies have used screening questionnaire or polysomnography to determine the frequency of OSA in the general surgical population. We have studied patients *Address correspondence to this author at the Department of Anesthesia, University of Toronto, Toronto Western Hospital, University Health Network, Toronto, Ontario, Canada; E-mail: Frances.chung@uhn.on.ca undergoing elective surgery and 24 % were identified preoperatively at high risk for OSA using the Berlin questionnaire [9] . We also screened 2467 patients using STOP questionnaire, 27.5% of them were classified as being at high risk of OSA [10] . Another study of patients identified 10 cases of undiagnosed OSA out of 254 patients undergoing joint arthroplasty by asking patients to complete a few screening questions [11] .
In our recent study, we approached 2,467 surgical patients for preoperative polysomnography. Only two hundred and eleven patients underwent polysomnography and 69% were found to have AHI>5 [10] . Fidan et al., screened 433 surgical patients; only 18 of 41 invited patients agreed to undergo polysomnographic testing, and 14 patients (3.2% of all screened patients) were diagnosed with OSA [12] . In a recent study by Finkel et al., [13] , 661 of 2,778 patients undergoing elective surgery were identified high risk of OSA in preoperative clinics, where 534 of these were previously undiagnosed. Home sleep studies were performed and OSA was diagnosed in 207 patients using ARES Unicorder.
In studies of surgical population, the refusal rate for polysomnography was high. Self-selection from patients may exist because patients who had sleep symptoms might have selectively consented to the overnight polysomnography. The high refusal rate and dropout rate also indicate the difficulty that the study of prevalence in the general surgical population faced. This may be due to the anxiety about the upcoming surgery and the need to stay one night in the sleep laboratory or doing the sleep studies at home. The high prevalence of OSA in the group of surgical patients who underwent polysomnography may reflect this self-selection.
In selective surgical population, the prevalence of OSA is substantially higher than the incidence in the general population. In bariatric surgery, 7 out of every 10 patients were found to have OSA [14] . There is also a higher incidence of obstructive sleep apnea in medically refractory epilepsy patients requiring surgical intervention. The incidence is 33% [15] . In patients coming for intracranial tumour excision, the incidence of AHI>5 was 64% and the incidence of AHI >20 was 55% [16] .
SCREENING TOOLS FOR OBSTRUCTIVE SLEEP APNEA IN THE SURGICAL SETTING
The gold standard for the diagnosis of OSA is by overnight polysomnography. Polysomnography is expensive to perform, requiring highly trained personnel, sophisticated equipment and an entire night of recording. The long waiting lists for polysomnography in sleep centers have created interest for screening tools for obstructive sleep apnea. Therefore there is a need of a practical screening tool to identify patients more likely to have true OSA. In this way, polysomnography may be used in a cost-effective way for those patients who stand the most to gain from the investigations. There are 2 recent systematic reviews of screening instruments for obstructive sleep apnea by Abrishami et al., and Ramachandran et al., [17, 18] . Both recommended STOP or STOP-Bang questionnaire as the optimal screening tool based on ease of use, false negative rate, and test accuracy. STOP-Bang is a user-friendly and excellent method to predict severe OSA (AHI>30) with a diagnostic odds ratio of 142 [18] .
THE STOP OR STOP-BANG QUESTIONNAIRE
The STOP questionnaire was developed and validated in surgical patients to facilitate the widespread usage of an OSA screening tool. The STOP questionnaire contains four questions and has an easy acronym: S-"Do you snore loudly, loud enough to be heard through closed door?"; T-"Do you feel tired or fatigued during the daytime almost every day?"; O-"Has anyone observed that you stop breathing during sleep?"; and P-"Do you have a history of high blood pressure with or without treatment?" (Table 2 ) [10, 19] . In order to make it simple, the questions were designed in a yes/no format. A positive score of two " Yes" out of the four questions will indicate that the patient may be at high risk of OSA. The sensitivity of the STOP questionnaire at an AHI >5, >15 and >30 was 65.6, 74.3 and 79.3% respectively. The specificity at an AHI>5, >15 and >30 was 60.0, 53.3 and 48.6 % respectively (Table 3 ) [10] .
The STOP-Bang questionnaire is a scoring model consisting of 8 easily administered questions starting with the acronym STOP-BANG (Table 4) and is scored based on Yes/No. Thus, this can range from a value of 1-8, depending on how many questions have a 'yes' as answer. A patient is considered to be at high risk of OSA if 3 items are scored positive on the STOP-Bang questionnaire [10] . The diagnostic ability of the STOP-Bang questionnaire was found to have a sensitivity of 93% and 100% at Apnea Hypopnea Index (AHI) cut-offs of >15 and >30, respectively, with a specificity of 43% and 37%, respectively ( Table 4 ) [10] . The STOPBang questionnaire has a very high level of sensitivity and negative predictive value, especially for patients with moderate and severe OSA. If the patient is ranked as a low risk of OSA by the STOP-Bang questionnaire, we could be highly confident about excluding that the patient would have moderate to severe OSA. For safety reasons, the screening tool should have a high degree of sensitivity at the expense of lower specificity. This means that STOP or STOP-Bang questionnaire may have false positive results. Patients that are identified with high risk of OSA on STOP-Bang questionnaire has been shown to be associated with the occurrence of higher postoperative complications [20] .
There are a number of screening tools in the literature [6, [21] [22] [23] [24] [25] e.g. Wisconsin questionnaire, the Sleep Disorder Questionnaire (SDQ), Hawaii sleep questionnaire, Selfreport questionnaire by Haraldsson, Self-reported questionnaire by Pouliot et al., and modified Berlin questionnaire were all developed and tested in patients mainly from sleep centers. Flemons has developed a prediction questionnaire for obstructive sleep apnea. In this model, the clinical prob- ability that a sleep test (PSG or home monitoring) would be positive for OSA was based on the adjusted neck circumference [26] . Patients referred to sleep centers are suspected of having sleep related disorders especially OSA. They are preselected patients, therefore screening tools for OSA developed and validated in sleep centers cannot be applied to other patient populations without validation in the target patient population [10] .
The Berlin questionnaire is one of the commonly known questionnaires for OSA and has been validated in the patients in primary care setting [27] . It has 11 questions organizing into three categories. The predictive performance of the Berlin questionnaire varies in different patient population. We have shown that in the surgical population the sensitivity and specificity is similar to the STOP questionnaire [20] . However, the number of questions and the complicated scoring system may be too cumbersome for anesthesiologists and their patients.
The American Society of Anesthesiologists' checklist is 14-item questions to assist anesthesiologists in identifying OSA. The checklist is composed of three categories of predisposing physical characteristics, symptoms and complaints attributable to OSA. The sensitivity and specificity of the ASA checklist is similar to the STOP questionnaire [20] .
Recently, a P-SAP score composed of 9 items: male gender, history of snoring, thick neck, modified mallampati class 3 or 4, TM distance<6cm, hypertension, type 2 diabetes mellitus, BMI> 30 kg/m2 and age > 43 was developed. P-SAP > or equal to 4 has a sensitivity of 0.67 and a specificity of 0.77 [28] .
EVALUATION OF PATIENTS WITH SUSPECTED OSA IN THE PREOPERATIVE CLINIC
It is estimated that 82% of men and 92% of women with moderate-to severe OSA have not been diagnosed [29] . From the anesthesiologists' viewpoint, patients with OSA may present significant problems in the perioperative period, including difficult airways, sensitivity to anesthetic agents, and postoperative adverse events. OSA has been associated with an increase in postoperative complications [30, 31] and is a risk factor for increased morbidity and mortality [32, 33] .
We did a matched cohort study in elective surgical patients with OSA and found that patients with OSA had an increased incidence of postoperative complications with a hazard ratio of 2 [31] . In addition, there is literature showing that patients with OSA undergoing upper airway surgery [34, 35] , joint replacement surgery [36] , and cardiac surgery [37] have an increased risk of postoperative complications.
We have shown that patients who are screened positive for STOP questions are more likely to have postoperative complications [10, 20] . These results were confirmed in a recent study that patients who are screened positive for STOP-Bang questionnaire are more likely to have postoperative complications versus those who are screened negative (19.3 % vs. 1.3 % p<0.001) [38] .
Screening questionnaire like STOP-Bang should be used in preoperative clinic to help identify patients at risk of OSA. A patient is at high risk of OSA if 2 items or more score positive on the STOP questionnaire or 3 items or more score positive on the STOP-Bang questionnaire. Urgent or emergency surgery should not be delayed for the detailed evaluation of suspected OSA. Perioperative precautions are important. Protocols have been developed by the American Society of Anesthesiologists [39] . We also published a suggested protocol in the Canadian Journal of Anesthesia which is less arduous and requires less monitoring than the ASA guideline [40] .
CONCLUSIONS
There is a high prevalence of undiagnosed OSA in the surgical patients. Sleep apnea is also associated with other pre-existing medical diseases such as obesity, hypertension, coronary artery disease, diabetes mellitus that may negatively impact outcomes. The patients with OSA pose special challenges to the anesthesiologist in the perioperative period. Preoperative screening and evaluation may ameliorate the perioperative morbidity associated with patients with OSA.
